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,..Y ; Dxric? t h e  sgr ing  and suzmer o f  .1979 t b e  3AGA cos- - 

: ducted f o r  t h e  Bureau of Aeronaut ics ,  Javp Department .' a 
.. s e r i e s  o f  t e s t s  t o  deterrcine t h e  eenerq l  aero&yaanic  
' .charac!erist ics of 2.n a i r p l a n e  c o n e l .  These tes*s'u;s in-r  ' 

' clui?e& a fair1;n conpiete  s tudy  o f  t h e  coblinr;  w ~ s t e n  in-  
. tene-ed . f o r  t i e  P r a t t  & 77hitne;p 9-2800 5n;ine equipped 

with a Teared two-stape superchar;er. 
. _  

I 

The c o o i i n s ;  s r s t e a  en-Dodied a conventional SACA 
c o n l i z ?  f o r  t b e  c- l inder  cool ing  and a navel 'wine-duct' 
system f o r  the- ca rbure to r  3ir. a i l  ' coo le r s ,  Rnd i n t e r -  
c o o l e r s ;  T i e  a i r T l a n e  has since 3esn b u i l t  aEd the cool4 
i'n: system Lzs been reqor ted  t o  func t ion  s a f i s f a c t o r i i y .  
In view or" t k e  successfu. opefaSion 02 this des iqa ,  i t  is 
bef ieved  t h a t  t h e  d e s c r i p t i o n  of t h e  n i r d - t a m 1  t e s t s  
sZlould be made a v a i l a b l e  t o  t h e  a v i a t i o n  i n d u s t w  as a 
Fv'aole i n  o rde r  t ba t  tbe- me- b e z e f i t  by t h e  expe-rienc-e. 
'Tsirzed i n  tie developnest of thYs .v€np-duat s;T~stem, Con- 
sequent ip ,  t h e  most i n t e r e s t , i z <  res,dts f r o n  t'he o r i + i n e i  
t e s t  data, coveriu? o a z ~  tha n$og-&ct system, 3ave been 
selected azd  ere. <iven i n  t h i s  r e s o r t .  
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were l o c a t e 6  in t h e  l ead in?  edqe of t h e  wfnq and t h e  d u c t s  , 
extended j a c k  t o  t h e  30-perce'nt chord s t a t i o n .  The r a d i a l  
d i s t a n c e  f rom t h r u s t  a x i s  t o  t h e  c e n t e r  05' t h e  duct  en- 
t r a n c e  w a s  aaout 0 - 2 9  p r o p e l l e r  diameter.  Distance from 
prope ' i l e r  d i s k  a f t  t o  t h e  duct en t rance  vas  0.3'7 t i m e s  
p r o p e l l e r  diameter .  The diameter o f  t b e  model p r o p e l l e r  
was 4.82 f e e t ,  being t h r e e  ti'mes that of t h e  engine. 

.i. 
i J  

. -  

-- ilinb, ducts.- Three d i f f e r e n t  s e t s  of Fin? d u c t s  =ere 
t e s t e d  rri th t5is model, t h e  f i rs t  bein? t h e  ' o r i t i n a l  

i s  shown i n  f i p u r e  2 and a s k e t c h  in f i p u r e  3. These duc t s  
f a i r e d  n i c e l y  i n t o  t h e  contour  of t h e  win5 r o o t .  The u p p r  
l i p  extended a l m o s t  t o  t b e  l e a u n q  edCe o f  t h e  wino,.. The 
l o n e r  l i p  vas  considerably a f t  of t h e  win< l ead in5  edge. 
A t  t h e  s e c t i o n  of least a r e a  t h e  combired en t rance  a r e a  o f  
t h e  d u c t s  w a s  34 s q w r e  inches .  A s i o r t  d i f z u s e r  extend- 
ed  from t h e  en t r ance  i n t o  t h e  hollon,nin3,.  
expension r a t i o  mas about one and  a ha l f .  Space w a s  l e f t  
between t h e  end o f  t h e  d i f f u s e r  and t h e  f r o n t  sper t o  a l l o w  
a i r  t o  r'lov i n t o  t h e  bol lon win9 cha;oBer surrounding t h e  
d i f f u s e r .  From t h i s  clianber a - i r  ,$lowed throuqh round- 
edqe o r i f i c e s  s inu la t inP;  o i l  coo le r s  and i n t e r c o o l e r s ,  i n t o  
t h e  access or^ compartment, whence i t  was e r y l l e d  into t-he 
a i r  s t ream throuSS an e x i t  s l o t  i n  t i e  lower p a r t  o f  the 
accesso ry  compartment. Control 02 t h e  cool ing a i r  was by 
means of  an  e x i t  f l a p  l o c a t e d  'Sehind t h e  ecgine cowl $laps.  
A i r  f'lowing f rom t h e  wing chamber i n t o  t h e  superchar%er  
i n t a k e  o r i f i c e  w a s  e j e c t e d  throuqh exhaust po r t s .  la0 tu rn-  
i n %  vanes were provided wi th in  t h e  duc ts .  Performance of 
t h e s e  d u c t s  w a s  Sene ra l ly  u n s a t i s f a c t o r y  as w i l l  be noted  
l a t e r .  

, C u c t s "  de l fve red  w i t 3  t h e  mod,el. A p i c t u r e  o f  t h e s e  d u c t s  

The d i f f u s e r  

The U?i rs t  modified ductsii r ep resen t  t h e  e a r l i e s t  at-  
tempt t o  c o r r e c t  t h e  faul ts  i n  t % e  o r iT ina1  duc ts .  These 

' d u c t s  are 2 i c t u r e d  i n  f i q u r e  4 and s3onn sketchecl i n  f3.T- 
u r e  5 ,  T3e f i r s t  rnodi2ied a u c t s ,  l i k a  t h e  cri~5;ical &!c;+tsi 
' f a i r e d  wel l  i x t o  t h e  nine;  aut t'ne en t rance  l i p s  p ro t ruded  
s l i fh t la  above and below t h e  leadzno, edge of t h e  ming. 
The en t r ance  s r e a  w a s  34 square fnches. 
rior o f  t h e  ~ U C I  a c t e d  as a d i f f u s e r .  P a r t  of t b e  d i f -  
f u s e r  extended from t 3 e  duct en t rznce  a f t  t o  a s e t  of turn- 
. in% vanes l o c a t e d  on a d i a g o n a l  l i n e  from wino, s p a r  t o  
leadino, edLl;e. 'Phe reqJon between tu rn inq  vaoes a n d  o r i -  . 
f i c e  ? l a t e  ( i n t e r c o o l e r s  ana o i l  - coo lers )  comprised t.he 
remainder o f  t h e  b i f fus s r .  Reference 2 is an bxpositC6h 
of t h e  p r i n c i p l e s  involve6 i n  the desi5n o f  t h e  duets. 

The e n t i r e  i n t e -  

t . .  



4 
1 

3 

~ 1 t . h o - a ~ ' n  t \ e  l i r s t  a o d i P i e ~ ~ . a t i ~ t s  func t ioned  f a i r l y  
v e l 1  as a f r  i n l e + , s ,  t>ep p r e c t p i k k t e a  en e a r l y  ninq s t a l l  
so had t o  be a l t e r e d .  - . > > '  

-8. 

I n  t h e  "fir,al modifisd 6 u c t s " ' p i c t u r e d  in Tiyure 6 
end s3onn sketc'iled ir f i T u r e . 7 ,  ",he u?Ter I i y  vas  brou5ht 
tvvit'Lzin t h e  o u t l i n e s  of the o r f T i a a l  nin? i n  o rde r  to :  c o r -  
r e c t  t k e  f a u l t  of t h e  Z i r s t  c ,odified i icc t s ,  v i z ,  e a r l y  

1 _-.-._-- s t a l l ,  T3e under li? vas lowered n o r e  t3an t i a t  o f  t h e  
- '?irst xod i f i ed  duc t s  acd n a s  acljusta-ole so that t w o  eL.1 

t r a x e  a r e a s  coxlc? 'be i nves t i5a t ed .  !!he duc ts  v e r e  t e s t e  
u i t 3  ent rance  a r e a s  05 36 al;d 28.6 square tnches ( t o t a l  
a r e a  Zor 30th duc t s ) .  T3e i n t e r n a l  s9aFe o f  t3e ducts 
bas a i s o  a l t e r e d  someT7hat as m a p  t e  noted from t h e  sketch- 

. es. The round-e64;e o r i f i c e s ,  vh icb  represented  t h e  cool- 
ers, z e r e  rep laced  w i $ >  v f r e  sc reen  coverfzr: t i e  sane area 
es t h e  c3o le r s  so t h a t  ths Ei f fus ion  g r o p e r t i e s  .of full- 
a c a l e  &uc t s  could be s inu la t ed .  ' A  calibraCLon o f  t h e  
sc reens  i n d i c a t e d  that  their corrCuctivitg, . w a s -  92 pe rcen t  . 
of tie d e s i r e d  value.  

- .  
?J 

- 

I ' * .  -- 2ronel ie r . -  The z r o p e l l e d  used in t 3 e s e  t e s t s  was a 
0 th rse-b lade  Hamzi ton  Stsndard' G-Y 6.159-8 o f  4 . 8 2 4 e e t  d i -  - 

ameter .  T ' n i s  w a s  driven 3~ a 25-3.orseToner e l e o t r i c  motor. - -  

TXSTS 
0 -  

n o r i y i n a l  n idd-tuonel  t e s t s  on  t h i s  n o d e l  ne re  of 
cons lde rab le  scope; those re'Jorted here  dea l  o d t t  nft'n 
development of t h e  winq &uct s .  +Of  y r i r r a r p  i n t e r e s t  ves 
t h e  e f f e c t i v e n e s s  of t 2 e  il'ucts as a i r  i n l e t s .  Of secood- 
 try i n t e r e s t ,  - rat  of equal importance,  was t h e  i n f l u e n c e  
o f  the vin? Cucts o n  the a e r o d p a m i c  be%avior of t h e  air- 
p l ane  as a rrhole. V i t h  all. t h r k e  sets of rr1n.q d u c t s ,  and, 
xLtk &-Lets r sao ie i?  acd ~ 2 ~ 7  sm-r?n$b, lift measurezents 
mere nade over az angle-of-attack ran<e which Jient be.rond 
t h e  ar,Sle. , f o r  maximun 1il"t. D r a ?  Eeasnrenents inc luded:  
d r a ?  o f  r o d e l  wStfiou5 &ucts  and.ming smoot2;  drai: o f  
l r o d s l  a i t b  duc ts  instartlied and a i r  3assaSes blocked in-. 
ter.nall;g; a d  dra? a f  nodel wit+. .ducts  o y n  and air ZLOW* ,) 
in? .  

e n t r a n c e ,  t o t a l  p ressure  ++;.the .upsLYre'an- sZde o f  t h e  o i l  

c 

. ". - .  , ~ . .'.._ .. r r .  . 
I.. 1 , r l  - 

.* Pressn res  fieasurea were: t o t a l  p r e s s u r e  at t h e  ciuct . 

- c o o l e r  and fatercooler  r e s t r i c t f o n s ,  a d  s t a t i c  ( t o t a l )  
. P r e s s u r e . o a  the  dawnstream side in t 3 e  acmssorg cornpart- ..r 

. 
3 
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r e n t ,  D u r h C  t h e  t e s t s  nith propeller renoved, p r e s s u r e s  
ve re  oeasured a t  serSes of a n e l e s  of a t t a c k .  W i % b  pro- 

while readinqs  were tr.ken a t  a ser i ea -pf  (V/nD)  va lues  
f rom zero  ? t o  ( V / n D )  of zero t h r u s t ,  'Pes'ts were made 

l e r  blade rragles of 300 and 400 'at t h e  t3ree-quar tbr  ra- 

The t e s t s  cere conducted at a tunnel speed of about 

- p e l l e r  o p e r a t i n ? ,  t 3 e  anqle  of a t t a c k  c a s  held  cons tan t  

r w i t h  e x i t  flap openins8 of O o ,  3.00, and 18.5O; and propel- 

d i u s  
I a .  

' . 100 miles g e r  LOUS. . 

RE3SUL'PS 

. -  L ,  

r .  

, The f o l l o w i n s  s ~ b o i s  and d e f i n i t i o n s  have been used 
/ '  - - in .  p r e s e n t i n 5  t b e  r e s u l t s .  

' 1. 
. I  

S wins area, square f e e t  

P air d e n s i t y ,  sluo,s pe r  cubic f o o t  

v v e l o c i t y  o f  air strettm (speed of' f l i q h t )  

q d p a n i c  p r e s s u r e  = Q p V *  

D 

CD: dralt coef f ic f -en t  = D/qS 

dra$-(sgmbol n o t  used in ' r e p o r t )  

L .. l i f t  

. C, l i f t  c o e f f i c i e n t  = L / ~ S  
j ,  I 

- a n s l e  of a t t a c k  of t h r u s t  line ( = % l e  o f  
ninq = a + 20 IO'), 

- .  
. .  

attack of 

D p r o p e l l e r  diameter  

n . p r o p e l l e r  s h a f t  .speed, r e v o l u t i o n s  p e r  second 
e 

- -  . i#.. 
A / .  

p p r e s s u r e ,  pounds p e r  square f o o t  .'. 

Pa t o t a l  p r e s s u r e  at etrtrsnce o f '  s t a rboa rd  duct 

duct 

0 

. .  
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t o t a l  p r e s s u r e  L O S S  i n  d i . f fuser  -05 s t a rboa rd  iitict. . - -  .. . .  . 1  

. Ap213 - .  . .  
. . .  . .  ' APZL . : to ta l  pres.&+% lo.ss' ,in &$;fas6z o f .  . p o r t  duct' . . . . . . .  . . . . .  . . . .  . . .  a *  . . .  . . . .  . .  , . .  .a ' *  

. bp4L t o ' t a l  p r e s s u r e  drog scross-inte-rcool'er"and oil . 
coo le r ,  . . .  p o r t  duct . 

. I  : .  . . . .  .. - .  
. .  

, .  
. .  . .  

The form,'dr&': and c o o l i n ?  :. &ra< o f ,  t 3 e  various ducts  .. 
' and t & e  dral?;':of the cowling e x i t  flaps a r e  shown i n  f i g -  

u r e s  8 t o  1 2 .  The eI"l"e.ct of , t h e  cluct's on l i f t  .is g i v e n .  
i n  I ' iTure' ' l3. A l l  o t h e r  c h a r t s  d e a l  - i t3  pressures '  i n  
t h e  r ,uxi. l iam cool ing .sFstem. P res su res  -5th or is ; i r ra l  , 

' rtuctg are' <iven i n  f f y u r e s  14 and 15 and n i t h - . t h e  f i r s t '  
modified ilu'cts On fkqures.J.5 and '17. . Fiqures  18 t o  30 
deal  with p r e s s u r e s  obtained wi th  t h e  f i n a l  modified 
ducts .  spec i . f i c  puryes from.%he above fisures a r e  Siven 
in f i g u r e s  31 t o .  36 .t'b show c.ompa~risoa.betueen . .  t h e  t h r e e  

. I . .  

. - .  
. ' ; .  - . . . . .  ' .  ., 

t y p e s .  Of' ducts.  
. .  . .  . . .  . -.a 

. .  . 1  
. .::. ~ 

. .  . . . . .  PISCUSSIOP ' . .  
- .  . . . .  

. .  
* .  

A So08  c a o l i n q  s p s t e m  sbonld  have 't3e followink pr,op- 
I 

* .  
4 '  1 . J .  

e p t l e s :  . 
.>l. * - .  

+ ( a )  LOW. dra? . - *  

' (3) No e f f e c t  on the..maximPa l i f t '  d f  win? . :  
( c )  Be unaffecteld' by'normal chanfes i n . t h e . a t t i t u d e  

o f  t h e  airplane aad . .. .. i d )  LOW intern&. plierqy ::o=se's - *  . . .  z " , . .  ' * .  . .  I 

( e >  ' A press'ure avai1able'at the c o o l e r s  'and c a r h -  
r .e tQr :entrance ..as 'hi7h *as . ~ o s s i b l e  ( D G e r  q 

' The r e s u l t s  o f  t h e  p r e s e n t  i n v e s t i < a t i , o n  have 'been 
analyzed on thee bases:  of  th 'ese- brlter&aas .. ana l i s t e d  i n  

. . .  _ . I .  if p o s s i a l e ) . :  . . . .  * A  . .  . .  L L 

, . .  - :  
' t  1. 

. _  t h e  o r d e r  named.. , . .. .I A : . .  . .  - * .  
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w i t h  the  t h r e e  en t rance  ducts i n s t a l l e d .  I t  may be noted 
t h a t  the  drag o f  t h e  model wi th  duc t s  removed w a s  d i f f e r -  
e n t  f o r  t he  t h r e e  t e s t  cond i t ions ,  which may be accounted 

v a i l e d  a t  the  t i m e  o f  t h e  tes t s .  The d rag  added by t h e  

wi th  a i r  flowing, increased  the  drag  of t h e  a i r p l a n e  about  
13 percent  at an angle  of a t t a c k  of -10 ,  which correspoads I 

t o  t he  high-speed condi t ion  of the a i r p l a n e .  ? T h i s  h igh 
drag  i s  a t t r i b u t e d  t o  t h e  r e c e s s i v e  lower l i p  which a l l o w 8  . 

*' f o r  by d i f f e rence6  i n  o the r  p a r t s  of t h e  model which pre- - .  
ducts is i n  t r u e  pe r spec t ive ,  however. The o r i g i n a l  duc t s ,  I 

a i r  t o  s p i l l  o u t  a t  the high-speed f l i g h t  condi t ion .  The ? 
f i r s t  modified. ducts had a s l i g h t l y  lower d r a g  even though I '  

noted  l a t e r .  The f i n a l  modified duc ts  increased  the  d rag :  . . .  
. b o r e  cool ing  a i r  w a s  f lowing through the Oucts, a s  w i l l  bb. 

of t he  a i r p l a n e  2 o r  3 percent  foz  the  36-square-inch en- ' s a  

t r a n c e  openings and a b o u t  5 percent  f o r  t h e  28.6-square- 
inch  entrances.  4Although t h e  pro t ruding  lower l i p  i s  n o t  
conducive t o  the lowe'st poss ib l e  drag ,  i t  r e p r e s e n t s  a 
S a t i s f a c t o r y  arrangement f o r  t h i s  a i rp l ane .  

opening t h e  c o n t r o l l a b l e  e x i t  f l a p  t o  i n c r e a s e  t h e  a i r  

a s s o c i a t e d  wi th  inc reas ing  e x i t - f l a p  angle  i l l u s t r a t e s  t h e  
n e c e s s i t y  f o r  p roper ly  designing t h e  e x i t  and c o n t r o l l i n g  

. 
.. 

c r'iiyure 1 2  shows the  increase  in drag  r e s u l t i n g  f r o m  
. -  1 

flow f o r  t he  climb condi t ion.  "The l a r g e  inc rease  i n  drag  ' c' 

t h e  f l o w  q u a n t i t y  f o r  t h e  high-speed condi t io4.-  , .  

f i e d - d u c t s  on the  l i f t ,  which was t o  cause an  e a r l y  s t a l l  

-. ,. 

I - .  In f i g u r e  1 3  i s  shown t h e  e f f e c t  o f  t he  firs* modi-  
' e 

due t o  t h e  small-radius upper l i p s .  It  i s  q u i t e  l i k e l y  
t h a t  t h i s  f a u l t  could have been remedied by i n c r e a s i n g  
t h e  l i p  r ad ius  had t h e  d e f e c t  been known soon enough.. Un- . 
f o r t u n a t e l y ,  t he  model was removed from t h e  tunnel  b e f o r e  

. t h e  duct c h a r a c t e r i s t i c s  were known; s o  no oppor tuni ty  
w a s  a v a i l a b l e  a t  t h e  time f o r  e l imina t ing  t h e  tFoUble. .- 
When the  model w a s  put  back i n  the  tunnel  a t  a l a t e r  date, ,  
i t  was decided t o  i n s t a l l  new d u c t s  which were d e f i n i t e l y - Q  
known t o  be good from t h e  s tandpoin t  o f  s t a l l i n g  r a t h e r  . '  
t h a n  take  a chance on rernoving'the defect;. even though 

more than good p r a c t i c e  seemed t o  allow f r o m  t h e  stand- - 
p o i n t ' o f  drag. (See re ference  1 f o r  drag r e s u l t s  o f  d i f - .  . 

The p res su re  c h a r a c t e r i s t i c s  of t he .  o r i g i n a l  duc ts  

. t h e  l a t t e r  course n e c e s s l t a t e d  lowering the  bottom l i p s  

f e r e n t  en t rance  types.) '  ' 
- 

? . . ,  
for the  c o n d i t i o n  without  t h e  p r o p e l l e r  a r e  given i n  f i g -  

p r e s s u r e s  Pg a n d '  PL reach a value of q only through -;% 

. u r e  1 4 ;  and with the. p r o p e l l e r , . . i n ' f i g u r e  16. The f r o n t  I. 

an angle-of-at.tack range f rom 4 O  t o  t h e  staZ.1.. 4,t t h e  

namic p res su re  was available, which fnd ica t eo  t h a t  t h e  en 
& high-speed cantlitfan (a = -ao) onlr  0.5 or 0.6  of dy- 
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t r a n c e  w a s  EO l o z y e r  at  t h e  E',aenat-fxjn ? 0 3 ~ l t .  Tc9e propel- 
l e r  nade :he co2i3 t ion  eve= r o r s e  beeadse t t e  s l5pstream 
r o t s t i o n  efZect ive17 decreased t h e  sng'fe o f  a t t a c k  05  3he 
ri.;bt wing root ( s e e  Ti<. le), a l thou5h t h e  condi t ion  for 
t h e  l e l ' t  duct w2.s in;?rovea. 

Tke. duct i n t e r n a l  Trb-sure ioss AP, rss r e l a t t v e l r  
hiqh, &nountin< to Over 3.2q f o r  t 4 e  use='.il fliL;Z?t ran4e. 
Consequentln, prezsu-e avai la 'ble  for cool i -e ;  gurgoses  ~72.0 

-r ICR, amounting t o  3.1~:~r l e s s .  NeTative 3 r e s s x r e s  n e r e  

I i n s ,  i cd i ca t inz :  t 3 e  f l o w  was l eav ing  b;l- Ray o f  t h e  i hc t  
I recoriied for t h e  r ig55  duct Fhen t h e  p r o p e i l e r  was operat-  ,. 

en t r ance  i n s t e a d  o f  enterin'l; ,  

%e pressnzes  f o r  t h e  f i r s t  nodiz ied  Cucts a r e  Dre-  
s en ted  in 3 % u r e s  1 6  and 1-7. Zt i s  a3ljarent t5zt a t  a t t i *  
t r d e s  f d r  Xo,h sTeed, cruisito;, and s l i g h t  cX.mh p r a c t i -  

- c e l l y  ful-1 5ynaaic p re s su re  nas  a r a i l a b l e  st tl?e duct en- 
t r a n c e s  and tSat t b e  p re s su re  l o s s  mi+,bin t h e  dncts vas  ' 

only about 0 , l q .  Preaa ture  s e p a r a t i o n  o f  Z i o n  ipon %%e 
auct  upper l i p  is i n d i c a t e d  by tie duct entrance p r e s s u r e  
cur,ve 2,s wel l  as by tSe  l i f t  curve. P res su re  c i a r a c t e r i s -  
t i c s  of tLe f i r s t  Eodi f ied  duc t s  v i t h  p r o p e l l e r  ope ra t in$  
were Ta i r ip  aood, Tke T r e s s a r e s  in both ducts  v s r e  al- 
Rest i d e n t i c a l .  The in f luence  05 tfie p r o g e l l e r  on t h e  
p r e s s u r e s  n v a i l a j l e  o n  t 3e  S r o u n s  and  et l o w  V,'n3 w a s  
e s p e c f a l l F  f e v o r s b l e ,  a s  l n d i c a t e d  3:' t 5 e  excess of en- 
t r a n c e  p r e s s u r e s  over  tke' dyr-anic p re s su re  (s = a _ ,  curve), . , 

f i n a l  nodil ' ied duc ts  with 36-square-inc3 errtrance a r e a ,  
?he t o t a l  p re s su re  a v a i l a b l e  a t  t h e  ea t r ances  w a s  p r a c t t -  
c a l ly  I u l 1  dgnanic z r e s s u r e  over  t h e  e c t i r e  ran:@ o f  an- 

, 5 l e  of a t t a c k  a t  whit% prolonged ope ra t ion  n i q h t  occur. 
At t k e  ' a t t i t u d e  f o r  hi4h sseed  t h e ' p r e s s u r e  l o s s  in t h e  ,, 
d u c t s  H ~ S  o f  t h e  o r d e r  of 0.03q;. T3e Luct i o s s e s  i n -  
c r eas sd  sozesbat et $he  c i i n b i n 3  an?les which a ~ x z r e ~ % l : ~  
r e s u l t e d  iil l a v e r  pressure  drops across  tho, coolers .  

FiTures 18 and 19 presen t  t h e  p re s su re  chta f o r  :'.e 

, .  

T i t 3  F-opeLler o?era@nc; a t  l o v  T/nD, t h e  b e n e f i c i a l  
eEfezt  o f  %Ye. s l i p s t r e a n  was'  sonerhat  more procounced on 
t h e  2 o r t  duct t3ar- 03 the  s ta rboar t !  Auct, 'out ifas 1ar;e f o r  
'oot.3. A t  :i_F<h 7al,ue,:5 b f 4  VJnD * ' j o t 3  C?UC';S nere  a f f e c t e c  - 
e5usL:p. "2ae ?ressur:e, 1 0 s ~ '  n i t s n  - the C U C ~ S  renailled about 
cons t an t  m l t ~  caep.~;e,s:-in V,'pT) a n d  anabated t o  OCTF about 
0,02q F o r  t%+ hiTh-speed: cond'itfon. The .press-me a v a l i a b l e  
for c o o l i z %  for the hle;k-s>eed condi t ion a2pears  t o  be 
somenhat Trea ter  thaa t h a t '  requl red ,  -2 coatXtioa that i s  
easilp rens&%all ba nigreasfz5 the i e a t r i c t 5 0 ~  at the e x i t  9 
slot * 
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The cool in?  data f o r  t he  S6-8qaare-inch ocer ings  and 
for c o n d i t i o n . n i t h  f l a p  s e t  loo and i 8 . 5 O  a r e  .;iven i n  f i5- 
u r e s  20  t o  23. The onla  important er 'fect  o f  openinq t h e  
flap vas t o  i n c r e a s e  t h e  pressure  avai la ' i i le  €or c o o l i n f .  
The cool inq p res su re  drop, AP4, ran5ed from about 2q t o  
1 . 2 ~ ~  f o r  the c l imbins  va lues  of V/nD from 9.5 t o  0 . 8 -  

- 
i 

(See fio,. 23.) 
- 

The p res su re  c h a r a c t e r i s t i c s  for t h e  28.*5-square-inc% 
ducts are Tiven i n  I"ic,ures 24 t o  29. The only noticea!le 
e f f e c t  .of reducin5 t h e  size of t h e  en.t;rance openinss  was 
t o  i n c r e a s e  t h e  i n t e r n a l  losses s l i T h t l y  a t  tie expense of 
t h e  cool in3  p r e s s u r e  drop. . 

In f i 5 u r e  30 i s  shown t h e  e f f e c t  o f  d e f l e c t i n ?  t h e  . 
win: f laps t o  50°.  UthouTh t h e  ei 'fects on t h e  coolina, 
system o f  l one r inq .  t h e  flaj, & r e  urkimFortaat, i t  i s  i n t e r -  

. e s t i ~ r ;  t o  note  t h t  t h e  u s e f u l  f r o a t  pressure ranqe mas 
reciuceii, due t o  the i nc reased  upflon nzrsle a t  t h e  1eabin.p 
ed?e of t h e  wins. 

h c t s  are given i n  f i T u r e s  31 t o  36. A d e f i n i t e  improve- 
ment i n  ea& succeedinq t n e  of duct i s  q u i t e  evident.. 

Coagafisons of t 3 e  p r e s s u r e  p r o p e r t i e s  of t h e  t h r e e  

c OB ZLUS I ONS 

A f e n  qene ra l  conclusions nay be drawn from t h i s ,  . 
s tudy:  

?En? ducts  o f f e r  an a t t r a c t i v e  method f o r  so lv inq  t h e  
problem of  coolilz< ens;ine a u x i l i e r i e s  inasauch as they  com- 
b i n e  reasonable  s im3lici t ;a  wi th  low drar:  ant! e x c e l l e n t  
coo l inq  charac t  e r i  s t i c s  . 

8 

These tests i n d i c a t e  t h a t  2ron  both tfie s tandpoin t  
o f  drarl; and F r e s s u r e s  a v a i l a b l e  in t i e  duct en t r ances  t h e  
upper and Lower l i p s  s k o u l d  be l o c a t e d  n e a r L t h e  plaae of  
t h e  l e a d i n 5  edqe, even thou3h t h i s  mio;ht n e c e s s i t a t e  
mavia? t h e  l i p s  c.utsj.de of t b e  rrinL?; contour. The.u?yer 
l i p  sh0W.d have a Tenerous leadinT-edpe- radius o f  t h e  same 
o r a e r  as t h a t  of t h e  mias; l e a d i n 5  .edge in order, t o  prevent 
s e p a f a t i o n  o r  premature win% s t a l l i a q  a t  hish anqles of 
a t t a c k .  Care should be exer 'cised in the 4esi9x- of the. . .  

. .  
. .  

t . .  * . - .  
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BACA fi-. 1,2 

Figure 1.- Yodel with filral modified ring ducts. 

Figure a.- original ring duate. 
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Figure 4.- Flrrt aodified ducte. 

Figure 6 . -  rlnal modified ducts. i' '* 
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NACA Figa. 12,20 
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Figure 12.- 
Effect of 
the final 
modified 
ducts on 
the drag 
of the 
model for 
three exit 

entrance, 
36 aq in. 

flaps. Duct 

Figure 20.- 

Final 
modif i ed 
ducts. 
Duct 
entrance, 
36 sq in.; 
exit flap, 

controls 
neutral. 

100; 

. 

! _ ’  . 
.. ‘ . . .  ... 



Figs. 13,35 

Fignre 13.- 

Influence 
of 
ducts 
on 
lift. 

t 
; 

0 

- 
Arzq/e o f  attack) d ,  &g 

I. 0 

.e Original ducts 
-- Firsf modified ducts -------- Find = 

Figure 35.- 

Comparison 
of 
pro s sure 
drop 
across 
oil 
cooler 
and 
intercooler 
in starboard 
duct 
Exit flap,OO. 



NACA Figs. 14,16 

Angle of  d u c k .  d . deg 

Figure 14.- 

Original 
ducta. 
Exit 
flap 9 

oo . 

Figure 16.- 

First 
modified 
ducts. 
Exit 

Angle of attack. d,&g 



HACA Plgr. w.17 
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Figure 15.- Original ducts. Exit flap, 00: a p, 00; p , 40'. 

0 .2 .4 .6 .8 LO L 2  L4 1.6 ' L 8  

Pi&pre 17.- Fir& modified duota. bit flapp, Oo, d 0'; 

VIM 
= 100. 
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Angle of d u c k ,  d ,deg 

Figs. 18,22 

Figure 18.- 

Final 
modif iad 
ducts. 
Duct 
entrance, 
36 sq in., 
exit . 
flap, oO. 

Figure 22.- 

Final 
modified 
ductb. 
Duct 
entrance , 
36 sq in.; 
exit 
flap, . . 
10.60. 

a& 

- .. . . . .  . 
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BACA P-. 19921 

Figure 19.- 

Final 
modified 
duct s - 
Dnct 
entrance I 

36 sq in.; 
exit  

d , 00; 
flap, oo; 

B * 490, 
controls 
m u t d  . 

0 .2 .4 .6.  .8 LO 1.2 L 4  L 6  LB 
V l d  

Fignre 21.- 

Final 
modified 
ducts. 
Dnct. 
entrance, 
36 m q  in.; 
ex i t  
flap, loo; 
u , 50; 
B * 300: 
aontrols 
neutral. 
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F i m  e3.- 

FiMl 
d i f  ied 
ducts. 
Duct 

36 sq in.; 
exit 

entlpaoe, . 

flap, 18.8'; 
a * go; 
8 = W .  

0 .2 .4 .6 . .8 LO /.2 /.4 /.6 /.8 20 2.2 
V / d  

Figare 25.- . 
Final * 

modified 
ducts. 
h o t  
entrance, 
28.6 sq in.; 
exit  
flap, 00: U , V #  
8 , 400; 
controls . 
neutral. 

i 





NACA P&. 27.29 

: 4  + 

0 2 .4 .6 .8 LO * l.2 14 l.6 l.8 
V M  

F-e 27.- Fiml mutiifid ducts. Duct entrance. 28.6 sq in.; 
.exit flap, loo; , so; p , 300;  controls neutral. 

1.2 

1.0 

.8 
!3 
8 6 6  

C 

Q 
4 

.4 

2 

0 .2 .4 .6 .8 LO l.2 /.4 1.6 l.8 
V d  

F&gra 29.- Final wdified ducts. Duct entrance, 28.6 sq in.; 
exit flap, 18.50; a , 5O; @ , SOO; oontrolr neutral. 
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Fig. 32 

---- 
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F W e  32.- Caparison of total pressru. available at the duct entraaoe 
with propeller operating. B i t  flap, 00; u I 00; , moa 



HACA 

V/nD 
nspVs 36.- Conpariron of p r e s m  drop acroer interoootrr and o i l  

ooolers. Exit flap, 00; d , Oo; p , No. 


